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INTRODUCTION
A novel strain of influenza A (H1N1), identified in Mexico and the United States (USA) in 2009, spread rapidly worldwide, and many countries experienced the first wave of infection between spring and the end of 2009, 1 and the cumulative ples. We recruited 4 age-and gender-matched controls for each confirmed case of H1N1 influenza from among high school and college students, healthcare personnel, and adults who visited the same hospital for a health screening between June and August 2010. Control subjects reported that they had no history of H1N1 infection or severe acute respiratory illness from September 2009 to March 2010 (the period of the H1N1 pandemic in South Korea). All participants signed a written informed consent form and agreed to participate in the study.
Analysis
All participants filled out a questionnaire, which collected demographic information such that on age, gender, height, body weight, body mass index (BMI), and co-morbidities. Participants were also asked to report whether they had been vaccinated for the H1N1 virus and to provide an estimate of their historical average frequency of common colds per year. The following information on lifestyle behaviors was collected: smoking status, alcohol intake (frequency and amount per week), physical activity (type, duration, and frequency per week), stress (numeric rating scale), and sleep duration (wake-up time and bedtime). 
RESULTS
During the period of enrollment, 33 patients with diagnosed H1N1 infection and 132 age-and gender-matched controls were recruited. The median age was 41 years (range, 18-72 years) in the case group and 40 years (range, 19-72 years) in the control group; 45.5% were men in the entire population. A series of teleconferences organized by the World Health Organization concluded that the risk factors for severe disease following H1N1 virus infection were similar to those for seasonal influenza infection, e.g., chronic medical conditions, certain cognitive conditions, and immunodeficiency. 3 In addition, several new risk factors such as pregnancy, 4 obesity, and tuberculosis 5, 6 were also noted. However, data on the risk factors for increased susceptibility to H1N1 infection in a healthy population are scarce.
Lifestyle behaviors such as cigarette smoking, physical activity, and stress have an impact on respiratory infections; cigarette smoking alone is known to be a major risk factor. The basis for increased susceptibility to infections in smokers is multifactorial, and one of the mechanisms is alteration of structural and immunological defenses. 7 An association between physical activity and upper respiratory infection has also been documented. Nieman suggested that moderate levels of physical activity reduce the risk of upper respiratory tract infection. 8 In addition, chronic stress is known to be associated with suppression of both cellular and humoral immune function, 9 and self-reported perceived stress is associated with an increased risk of upper respiratory tract infection. 10 To our knowledge, however, there has been thus far no research on the relationship between lifestyle behaviors and H1N1 infection.
The purpose of this study was to determine whether lifestyle behaviors (smoking, alcohol consumption, physical activity, and sleep duration) and health habits (use of vitamin supplements) are risk factors for H1N1 viral infection.
MATERIALS AND METHODS Participants
A case-control study was conducted at the Seoul Metropolitan Government Seoul National University Boramae Medical Center, a secondary care hospital in South Korea. Between November 2009 and March 2010, we recruited patients who visited the hospital because of suspicion of influenza. The inclusion criteria were age ≥18 years and a pandemic 2009 influenza (H1N1) virus infection confirmed by a positive result of real-time reverse transcriptase polymerase chain reaction using nasopharyngeal or oropharyngeal swab sam-physical activity included weight training (23.6%), walking (20%), golf (16.4%), running (10.9%), climbing (10.9%), and swimming (9.1%). The case group also had a lower percentage of participants reporting regular vitamin supplementation (≥3 times per week) than the controls (p<0.01) ( Table  2 ). There were no differences in the frequency of meals per day, alcohol intake, stress intensity, or sleep duration bema) between the 2 groups, and there were no pregnant women in the study population.
The case group had a higher annual frequency of common cold (p=0.048) ( Table 1 ) and higher percentage of current smokers (p<0.01) ( Table 2) , but a lower percentage of participants performing regular physical activity (≥3 times per week) than the control group (p=0.03). The types of acquiring H1N1 infection in our study, consistent with those of previous studies evaluating the relationship between smoking and influenza. 11 Kark and Lebiush 12 showed that female smokers in the Israeli Army had a 60% risk for influenza as compared to a 41.6% risk among female nonsmokers (OR= 1.44; 95% CI, 1.03-2.01), and the same authors in another study reported that 68.5% of smokers as compared to 47.2% of nonsmokers contracted H1N1 infection (p<0.01). 13 The study showed that smoking was a major determinant of morbidity in an epidemic H1N1 infection, and that outbreaks of H1N1 in heavy smokers might contribute to substantial incapacitation. 13 Mechanisms increasing the risk of infections in smokers include structural changes in the respiratory tract and a decrease in the immune response. 7 Structural changes include peribronchiolar inflammation and fibrosis, increased mucosal permeability, impairment of mucociliary clearance, changes in pathogen adherence, and disruption of the respiratory epithelium.
14 These changes may alter both susceptibility to infection and the course of an infection and compromise the ability to mount appropriate immune and inflammatory responses. 15 Meliska, et al. 16 and Hersey, et al. 17 reported that natural killer cell cytotoxic activity increased substantially in smokers who quit smoking compared to current smokers. This could explain why current smokers have a higher risk than never-or ex-smokers.
Previous studies have reported the beneficial effects of physical activity on H1N1 infection or other upper respiratory tract infection (URTI), which was attributed to the immunological effects of exercise. These studies suggested that exercise was associated with a lesser decline in circutween the 2 groups (Table 2) .
In the multivariate analysis, 2 variables were independently associated with the acquisition of H1N1 infection: current smoking status [adjusted odds ratio (OR)=5.53; 95% confidence interval (CI), 1.60-19.2; p<0.01] and a higher annual frequency of the common cold (adjusted OR=1.24; 95% CI, 1.00-1.53; p=0.048) ( Table 3) . We also conducted a sensitivity analysis for the participants without a history of vaccination for H1N1 influenza, and the results obtained were similar to those obtained for all the participants, except that the variable of vitamin supplementation ≥3 times per week was associated with a lower risk of acquiring H1N1 infection (Table 4 ).
DISCUSSION
The current study focused on determining whether lifestyle behaviors (smoking, alcohol consumption, physical activity, and sleep duration) and health habits (use of vitamin supplements) were risk factors for H1N1 viral infection. In this case-control study, current cigarette smoking and a higher annual frequency of common cold were associated with the acquisition of H1N1 influenza. There have been several studies evaluating the effect of lifestyle behaviors on the risk of respiratory disease, such as chronic bronchitis, emphysema, and upper respiratory infection. However, to our best knowledge, no previous studies have evaluated the effect of lifestyle behaviors on the risk for H1N1 infection.
Current smoking was a major independent risk factor for the characteristics of H1N1 outbreaks among healthcare personnel 28 showed that the female gender, an age <40 years, chronic underlying diseases, and having infected household members were associated with H1N1 infection. Obesity was also identified as a risk factor for H1N1 infection. A recent study from California reported that half of Californians aged ≥20 years, and hospitalized with H1N1 infection were obese, 29 and extreme obesity (BMI >40 kg/m 2 ) was found to be independently associated with death due to the 2009 H1N1 pandemic after adjusting for co-morbidities and other risk factors. However, this study did not show a relationship between BMI and the risk for H1N1 infection.
The present study has several limitations. First, the number of cases enrolled was small. This one-center, case-control study was initiated at a late phase of the pandemic in Korea, after receiving approval from the ethical review board. However, we attempted to compensate for this weakness by increasing the number of controls. Second, the period of enrollment was different between the cases and the controls. Whether a subject acquired H1N1 infection was better determined after the pandemic ended; therefore, control subjects were enrolled after the enrollment of the cases. This might have induced recall bias. In addition, it could have led to bias in the comparison of physical activity between the cases and controls because physical activity can vary during the year. Nevertheless, the percentages reporting outdoor exercise were similar between the cases and controls (62.5% vs. 54.5%, respectively; p>0.99). Third, there could have been healthy volunteer bias, as many control subjects were healthcare personnel or people who visited hospitals for health screening. 30, 31 Finally, it is possible that some of the control subjects experienced mild H1N1 infection without influenza-like symptoms, because they were enrolled by self-reporting no history of H1N1 infection; this was not confirmed by serologic testing for H1N1 infection.
In conclusion, our study showed that current smoking and a frequent history of common colds were risk factors for acquiring H1N1 infection.
lating T-cell function with viral clearance, specific antibody production, and neuroendocrine changes in the immune system. [18] [19] [20] [21] [22] Interestingly, a J-curve relationship has been shown for the effects of exercise on risk for infection; 8 therefore, as the amount of exercise increases, the risk first decreases but then increases after some level. 8 In our study, physical activity failed to show a significant effect on H1N1 acquisition in multivariate analysis, although the controls reported more frequent physical activity than the cases in univariate analysis.
Micronutrients such as vitamins affect the susceptibility to infection, and there has been considerable interest in the association of vitamin supplementation with URTIs. Vitamin D was found to modulate the macrophage response by reducing the amount of inflammatory cytokines and chemokines released. 23 A study using an influenza virus-infected vitamin C-deficient mouse model demonstrated enhanced lung pathology. 24 One randomized controlled trial testing the effects of vitamin supplementation showed a lower rate of development of self-reported cold and influenza symptoms. 25 Although our study did not show a significant effect of vitamin supplementation on H1N1 acquisition, vitamin supplementation ≥3 times per week prevented H1N1 acquisition (OR=0.251; 95% CI, 0.07-0.96; p=0.043) (Table 4) in the sensitivity analysis for the participants without a history of vaccination for H1N1 influenza. However, it should be acknowledged that the statistical significance of the effect of vitamin supplementation on the risk for acquiring influenza might have been due to multiple testing.
Previous epidemiologic studies reported that a mean annual incidence of common colds in adults varied from 0.9 to 3.3 (illness per person-year), depending on age and gender. 26, 27 The frequency of common colds reported by participants of our study was consistent with the findings of previous epidemiological studies. In our study, a higher frequency of contracting the common cold was related to H1N1 infection acquisition. Hosts susceptible to common colds caused by several respiratory viruses are likely to be susceptible to H1N1 influenza virus. In addition, there is a possibility that people with frequent common colds visit the clinic more often and are more likely to be diagnosed with H1N1 infection. Therefore, we used the frequency of common colds as a confounder in the adjusted multivariable analysis.
Besides smoking, vitamin supplementation, and physical activity, several other factors have been associated with the risk of H1N1 infection. A cross-sectional survey evaluating
